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Background: AGI004 is a controlled-release transdermal patch preparation of mecamylamine. We conducted a randomised 
placebo-controlled phase II study of two dose levels of AGI004 in chemotherapy-induced diarrhoea (CID). 

Methods: Adult patients receiving chemotherapy who had experienced diarrhoea (NCI grade 1-2) during previous cycles of 
chemotherapy were eligible. In all, 64 patients were randomised to receive AGI004 4mg then 8mg per 24 h transdermal patch or 
placebo for two sequential cycles of chemotherapy. Patients' severity of diarrhoea was physician-assessed using NCI grade of 
diarrhoea and patient-assessed using information recorded in daily diaries of bowel movements. 

Results: Overall AGI004 doubled the odds of a response to treatment on the first day of chemotherapy based on physician 
assessment of NCI grade of diarrhoea compared with placebo (odds ratio = 2.0, 90% confidence interval: 0.9-4.5) and there was a 
trend to improved response rates for AGI004 for the full treatment cycle although these results were not statistically significant. 
There was also evidence of significantly improved response rates based on patient assessment of diarrhoea both overall (P=0.05) 
and at the 8-mg dose level (P = 0.02) compared with placebo. 

Conclusion: AGI004 demonstrated effectiveness in reducing chemotherapy-associated diarrhoea, with results suggesting 
response across multiple measurements of diarrhoea. Treatment was well tolerated with no drug-related adverse events. Further 
evaluation of this agent in the management of CID is warranted. 



Chemotherapy- induced diarrhoea (CID) is a common complica- 
tion of cancer treatment causing effects ranging from troublesome 
to life threatening. The incidence of CID is variable, occurring at 
any severity in 40-80% of patients receiving irinotecan, fluorour- 
acil, capecitabine or oxaliplatin alone or in combination (Leichman 



et al, 1995; Giacchetti et al, 2000; Saltz et al, 2000; Van Cutsem 
et al, 2000). Severe diarrhoea (NCI CTC v3.0 grade 3 or 4) occurs 
less frequently but has been reported at rates of up to 31% in 
patients receiving irinotecan (Saltz et al, 2000) with consequent 
dose reduction or delay or, more worryingly, resulting in cessation 
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of treatment or patient mortality (Rothenberg et al, 2001). 
Attempts to identify biomarkers predictive of gastrointestinal 
toxicity following treatment with these agents have not yielded 
consistent results (Braun et al, 2009; Boige et al, 2010; McLeod 
et al, 2010); hence, patients receiving these agents do not routinely 
undergo pharmacogenetic testing currently but are counselled 
about the risk of CID and the need for prompt treatment in the 
event of this occurring. 

The mechanism of CID is not completely understood but is 
thought to be a multifactorial process. Chemotherapy causes direct 
toxic effects on proliferating epithelial crypt cells resulting in 
disruption of the mucosal barrier (Duncan and Grant, 2003) and 
impaired absorption of electrolytes and water from the gut lumen 
resulting in diarrhoea. There is also altered enzyme secretion and 
changes in gut motility causing a reduction in transit time (Gibson 
and Keefe, 2006). Management of CID generally involves use of 
anti-diarrhoeal rescue medication, with use of opioids such as 
loperamide considered standard first-line treatment agents along- 
side supportive measures such as hydration (Benson et al, 2004). 
Loperamide acts as a /(-opioid receptor agonist in the intestine, but 
not centrally, reducing gastrointestinal motility and increasing 
water reabsorption and has been shown to be an effective 
treatment in the initial management of CID, but less effective in 
controlling severe diarrhoea (Cascinu et al, 2000). In this setting 
the somatostatin analogue octreotide, which exerts its anti- 
diarrhoeal effects by decreasing gastrointestinal hormone secretion, 
reducing intestinal mobility and increasing water reabsorption, has 
demonstrated efficacy in controlling even severe or persistent CID 
(Goumas et al, 1998; Barbounis et al, 2001; Szilagyi and Shrier, 
2001). This is clearly an effective agent for treatment of CID; 
however, it requires repeated parenteral administration in view of 
its short half life and is relatively expensive. 

Although the management of CID is well described, pharma- 
cological approaches for its prevention are lacking, with a limited 
number of studies addressing this issue. Given the effectiveness of 
octreotide in controlling established CID use of this agent in the 
preventative setting has been investigated, but with disappointing 
results. Meropol et al (1998) aimed to use octreotide prophylaxis as 
a means of potentially increasing dose intensity but found no 
additional benefit in the addition of subcutaneous octreotide for 
the duration of chemotherapy in preventing CID in patients 
receiving weekly 5-fluorouracil with high-dose leucovorin and 
consequently were unable to escalate treatment doses as planned. 

The development of a long-acting slow-release formulation of 
octreotide that was effective in controlling diarrhoea associated 
with carcinoid syndrome merited further investigation in CID 
prevention. In the STOP study, 147 patients were randomised to 
receive one of two dose levels (30 or 40 mg) of long-acting 
octreotide prior to chemotherapy with less severe diarrhoea and 
less need for supportive measures for management of CID 
observed in the higher dose level although the differences were 
not statistically significant (Rosenoff et al, 2006). However, the use 
of prophylactic long-acting octreotide was not effective in 
preventing chemoradiotherapy-induced diarrhoea in patients with 
rectal cancer (Zachariah et al, 2010). 

Similarly, the use of other oral pharmacological agents that have 
demonstrated effectiveness and safety in the management of 
infective diarrhoea, such as eracecadotril, have also been 
disappointing when used in the setting of prevention of CID 
(Ychou et al, 2000). Other therapeutic measures that have been 
evaluated in CID prevention have shown perhaps more potential 
such as use of activated charcoal (AC) or alkalinisation of the 
gastrointestinal tract. 

In a phase II study evaluating the benefit of irinotecan therapy 
in patients with advanced colorectal cancer, a subset received 
prophylactic AC with their first cycle of chemotherapy but not 
with the second and subsequent cycles; administration of AC 



during cycle 1 was associated with a reduced incidence of grade 3 
or 4 diarrhoea and reduced use of rescue loperamide relative to the 
second cycle of treatment however given the small number of 
patients included in this formal statistical analysis was not 
performed (Michael et al, 2004). A further small prospective study 
of AC in children receiving irinotecan chemotherapy (n = 22) 
demonstrated a significant reduction in grade 3 and 4 diarrhoea 
and improved compliance with treatment (Sergio et al, 2008). 

Oral alkalisation of the gastrointestinal tract has also been 
reported to have a beneficial effect in preventing delayed diarrhoea 
in patients receiving irinotecan-containing chemotherapy (Takeda 
et al, 2001; Valenti Moreno et al, 2006), but again these studies 
have also been limited by small sample size and the possibility that 
this approach alters the pharmacokinetics of irinotecan in vivo 
(Hamada et al, 2005). 

The anti-hypertensive agent mecamylamine exerts its hypoten- 
sive effect by ganglion blockade, with side effects at anti- 
hypertensive doses resulting from parasympathetic inhibition 
(Papke et al, 2001). At lower doses, it crosses the blood-brain 
barrier acting as a cholinergic antagonist to neuronal nicotinic 
receptors, prompting its evaluation in smoking cessation and 
substance abuse studies (Young et al, 2001). Studies evaluating this 
agent in smoking cessation have reported constipation as a side 
effect but otherwise good tolerability (Rose et al, 1994). At low 
doses, mecamylamine has selective antagonistic activity on 
nicotinic acetylcholine receptor (nAChR) subtypes predominantly 
found on enteric neurons. AGI004 is a controlled-release 
transdermal patch preparation of mecamylamine administered 
once daily that achieves these enteric neuronal effects without 
broad non-enteric anti- cholinergic effects. In smoking cessation 
studies AGI004 is associated with constipation, which is a dose- 
dependent side effect, but is otherwise well tolerated. Similarly, 
clinical experience in functional diarrhoea confirms AGI004 is well 
tolerated and associated with improvement in stool consistency. In 
view of the alterations in gut motility and imbalance between 
absorption and secretion observed in CID and the previously 
described role of nAChR in modulating gut motility and secretory 
effects (Furness and Sanger, 2002) AGI004 was investigated as a 
novel agent for CID prevention. 



MATERIALS AND METHODS 



This study was a randomised, prospective, multi-centre, double- 
blind, placebo-controlled phase II study of two dose levels of 
transdermal mecamylamine to determine the efficacy of transder- 
mal mecamylamine in the control of CID across seven sites in 
Europe. The study was conducted in accordance with the 
Declaration of Helsinki and Good Clinical Practice Guidelines 
and was approved by the relevant ethics committees. All patients 
gave informed consent for entry into the study. 

Eligibility criteria. Eligible patients were those age 18 years and 
over who were receiving chemotherapy associated with a high 
likelihood of diarrhoea and who had experienced diarrhoea during 
previous cycles of chemotherapy. This included patients with 
colorectal cancer receiving a fluoropyrimidine (fluorouracil or 
capecitabine) as monotherapy or in combination with irinotecan or 
oxaliplatin, patients with breast cancer receiving capecitabine and 
patients with upper gastrointestinal cancers receiving cisplatin/ 
fluorouracil, epirubicin/ cisplatin/fluorouracil or epirubicin/oxali- 
platin/fluorouracil chemotherapy. Patients had to have active 
diarrhoea of NCI CTC v3.0 grade 1 or 2, as graded by the 
physician, with no significant complicating factors to be eligible 
for randomisation. Eligible patients also must have had at least 
two further treatment cycles planned. Patients with pre-existing 
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diarrhoea, ileostomy/colostomy or any co-existing gastrointestinal 
conditions were excluded. 

Treatment plan. Prior to study entry, eligible patients had 
received at least one cycle of chemotherapy, and experienced 
NCI grade I or II diarrhoea during this cycle. After inclusion in the 
study, patients were randomised to receive treatment with 
transdermal mecamylamine (AGI004) 4mg per 24 h or placebo 
prior to initiation of chemotherapy. Placebo was delivered using an 
identical looking patch to the active agent. The patch was applied 
24 h prior to chemotherapy to ensure plasma mecamylamine levels 
were attained prior to chemotherapy to allow evaluation of efficacy 
in the acute phase (first day of chemotherapy). The patch was 
applied daily thereafter for the duration of the treatment cycle to 
ensure study drug was received throughout the cycle in case 
delayed onset diarrhoea occurred. The duration of the treatment 
cycle varied depending on the chemotherapy regimen, with 
patients receiving chemotherapy for 1, 5 or 14 days at treatment 
intervals of 2, 3 and 4 weeks. On initiation of the second cycle of 
chemotherapy with the study drug, patients continued with 
randomised treatment, self-applying treatment on a daily basis. 
Active treatment for this second cycle comprised 8 mg transdermal 
mecamylamine. Doses were selected based on the gastrointestinal 
side effects observed from previous evaluation of this agent in 
smoking cessation and functional diarrhoea studies, where 
increasing incidence of constipation was observed with increasing 
mecamylamine dose (from around 25% at 3 mg per day to over 
50% at 8mg per day in smokers receiving this agent). The overall 
duration of treatment within the study was two sequential cycles of 
chemotherapy. 

Patients were allowed free access to loperamide or other 
appropriate anti-diarrhoeal medication on a rescue basis for the 
duration of any active episodes of diarrhoea. Patients were able to 
use loperamide at occurrence of diarrhoea at any grade at their 
own or their physician's discretion. Patients were not allowed 
concomitant use of anti-diarrhoeal medications other than 
loperamide, codeine phosphate or octreotide for the duration of 
the study. Concomitant use of anti-cholinergic agents, including 
atropine in those patients receiving irinotecan therapy, was not 
permitted. 

Treatment evaluation. Treatment evaluation was based on both 
physician assessment and patient assessment. For each cycle of 
chemotherapy, patients' severity of diarrhoea was physician- 
assessed by NCI grade at the end of the first day of chemotherapy 
(acute phase) and at the end of the overall cycle of chemotherapy 
(full cycle). Use of concomitant medications including rescue 
medications was also recorded. 

For each cycle of chemotherapy, patients collected information 
on a daily basis using two daily diary cards. The first daily diary 
collected information relating to patients' bowel movements: This 
included consistency of bowel movements, each graded according 
to the Bristol Stool Scale (BSS) (Heaton et al, 1992; Lewis and 
Heaton, 1997); the percentage of days on treatment experiencing 
loose stools (BSS>5), the number of episodes of diarrhoea; the 
mean duration of episodes of diarrhoea (defined as periods of days 
with more than four bowel movements) and total duration of 
episodes of diarrhoea. The second diary collected information 
related to other gastrointestinal symptoms recording these on a 
daily basis using a four-point scale. These symptoms included 
nausea, vomiting, constipation, diarrhoea, abdominal pain and 
abdominal cramps. Additionally, the use of rescue medication in 
relief of each symptom was also recorded by patients and 
specifically the number of loperamide or codeine phosphate used 
daily was also recorded. 

Statistical considerations. This was an exploratory study to 
evaluate the efficacy of mecamylamine in CID hence the level of 



significance was set at 10%. Assuming an incidence of any grade of 
CID of 70%, 32 patients in each treatment arm would be required 
to ensure 90% statistical power to halve the incidence of diarrhoea 
with treatment, based on a two-sided y 2 test at the a = 0.1 level. 

The incidence of response (physician-assessed NCI grade 
responder or partial responder or patient-assessed diary responder) 
was compared between AGI and placebo using generalised 
estimating equations with logit link. This was analysed for each 
time period of assessment (acute phase and full cycle). Effects fitted 
in the model were treatment and cycle (cycle 1 or 2). The 
interaction between treatment and cycle was also investigated, and 
if not significant (P>0.1) was dropped from the model. If the 
interaction was significant, separate estimates of the treatment 
effect for each cycle were to be produced. If there was no 
interaction, then the estimate of the treatment difference would 
apply across both cycles. The odds ratio (OR) for treatment relative 
to placebo was calculated with 90% confidence intervals (CIs). 

The mean number of bowel movements a day during each time 
period of assessment was compared between treatments using 
mixed models analysis of variance. Effects fitted in the model were 
treatment and cycle (cycle 1 or 2) and the interaction between 
treatment and cycle. Estimates of treatment effect were given for 
each chemotherapy cycle and the results were expressed as the 
mean difference between treatment and placebo with 90% CI. The 
secondary end point measurements were analysed in a similar way. 



STUDY END POINTS 



Primary end points. The primary end point was the number of 
patients who did not experience diarrhoea. This primary end point 
was measured using two different approaches to defining 
diarrhoea, first using physician assessment based on NCI CTC 
grade and second using a patient-reported outcome from data 
recorded in daily diaries. A responder was a patient who did not 
experience diarrhoea and was defined by the following criteria: A 
patient who did not have diarrhoea according to NCI CTC v3.0 
grading or a patient who had ^4 bowel movements on all study 
days of each cycle. Partial responders were defined as those with a 
reduction of one NCI grade of diarrhoea on treatment. Response 
was evaluated in two time periods of the first day of chemotherapy 
(acute phase) and from day 1 to the end of the first cycle of 
chemotherapy (full cycle). 

Secondary end points. A number of secondary end points were 
derived from the patients' diaries. These included the use of rescue 
medication (number of loperamide and codeine phosphate tablets 
used and days of usage) and mean scores for severity of diarrhoea 
and of other associated symptoms of nausea, vomiting, constipa- 
tion and abdominal pain and cramps as scored by the patient on an 
overall severity scale of 0-3 (0, 1, 2 and 3 representing none, mild, 
moderate and severe, respectively). 



RESULTS 



In all, 64 patients in seven centres in the United Kingdom and 
Romania were randomised to receive AGI 004 (4 mg then 8 mg per 
24 h) transdermal patch or placebo for two sequential cycles of 
chemotherapy. 

Baseline patient characteristics. Baseline characteristics were well 
matched between the two groups (Table 1). The majority of 
patients had colorectal carcinoma. The most common chemother- 
apy drugs used were 5-FU or capecitabine, either alone or in 
combination with other drugs. The proportion of patients receiving 
the various types of chemotherapy was broadly similar between the 
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two groups although there was more use of irinotecan among 
patients allocated to the placebo arm. There was no significant 
variation in cycle duration between the two groups but some 
variation in duration of drug treatment. 

Overall, 46 patients (72%) had NCI grade 1 diarrhoea prior to 
study entry, with slightly more of these patients with allocated to 
the treatment arm (n = 25, 78%) than placebo (n = 21, 66%). 



Table 1. Baseline patient demographics 




Active (n=32) 


Placebo (n = 32) 


Mean age (range) 


58.9 (35-75) 


63.4 (45-88) 


Gender 


Male 
Female 


1 9 (59%) 
13 (41%) 


1 5 (47%) 
1 7 (53%) 


WHO performance status 


0 
1 
2 


14 (43%) 
1 7 (53%) 
1 (3%) 


1 8 (56%) 
14 (43%) 
0 


Tumour type 


Colorectal 

Breast 

Carcinoid 

Gastric 

Adrenal 

Hepatic 

Adenocarcinoma 


14 (43%) 
5 (1 6%) 
1 (3%) 
1 (3%) 

0 

0 

3 (9%) 


1 5 (47%) 
7 (22%) 
1 (3%) 
1 (3%) 
1 (3%) 
1 (3%) 
1 (3%) 


Drug treatment 


FU 

Capecitabine 
Irinotecan 


1 8 (56%) 
14 (44%) 
2 (6%) 


13 (41%) 
1 5 (47%) 
8 (25%) 


Duration of treatment period 


1 day 
5 days 
14 days 


0 

1 7 (53%) 
1 5 (47%) 


3 (9%) 
12 (38%) 
1 7 (53%) 


Length of treatment cycle 


14 days 
21 days 
28 days 


0 

1 8 (56%) 
14 (44%) 


1 (3%) 
1 7 (53%) 
14 (44%) 



In total, 18 patients (28%) had NCI grade 2 diarrhoea prior to 
study entry, with seven of these patients allocated to the treatment 
arm (22%) and 1 1 (34%) allocated to placebo. 

Overall compliance with treatment was very good, with a mean 
level of 90% in both arms of the study. Two patients in the placebo 
arm withdrew from the study after randomisation, one by patient 
choice and another following an adverse event. Additionally, one 
patient in each arm of the study died during treatment due to 
disease progression. The remainder of the active treatment arm 
completed the study. 

Response to treatment based on physician assessment. As 

previously described, patients were classified as responders based 
on physician assessment of diarrhoea according to NCI grade. 
Overall, for both the first cycle of chemotherapy (4mg per 24 h 
dose level) and the second cycle (8 mg per 24 h dose level), a higher 
proportion of patients in the treatment group than in the placebo 
group were classified by physician assessment as complete 
responders (NCI grade 0) both for the acute phase (day 1 of the 
cycle) and for the complete cycle; however, these differences 
between treatments were not statistically significant (Tables 2a and 
2b). For overall treatment effect, the OR was 1.26 (CI: 0.54-2.93) 
and this was not statistically significant. Data from the acute phase 
suggest use of AGI004 doubled the odds of response relative to 
placebo (OR =2.0, 90% CI: 0.9-4.5); however, again this did not 
reach statistical significance (Table 2a). Similarly, there were 
greater, but non-significant, differences observed between treat- 
ment and placebo at the 8-mg dose level (Tables 2a and 2b). 
Inclusion of covariates made no significant changes to these results. 

Response to treatment based on patient assessment. The second 
measure of response was based on information obtained from 
patients' diaries, with a responder defined as a patient reporting 
^4 bowel movements per day. Missing data were set at non- 
response. As before, there were more patients classified as 
responders in the treatment group than the placebo group for 
both treatment cycles and dose levels (Table 3). Overall, these 
results suggest a statistically significant treatment effect with an OR 
of 6.4 (90% CI: 1.7-24.6, P=0.05). At the 4-mg dose level, the 
difference between treatment and placebo was not statistically 
significant; however, at the 8-mg level, the treatment effect did 
reach significance (P = 0.02), with a greater than nine-fold 
likelihood of response suggested (Table 3). Again inclusion of 
covariates did not alter the observed treatment effect. 

Use of rescue medication. Overall, the use of loperamide as rescue 
medication by patients in the study was low, limiting the statistical 
analysis that could be performed on this data set. Given this, the 



Table 2a. Physician- 


based assessment of res 


ponse for the acute phase 


day 1) 




Number of patients 


Dose 


Outcome 


AGI004 (n = 32) 


Placebo (n = 32) 


Estimated difference 
in response, odds 
ratio (90% CI) 


P-value 


Overall estimate 


Responder 






1 .99 (0.88^.47) 


0.16 


4mg 


Responder 
Partial responder 
Non-responder 


19 (59%) 
3 (9%) 
10 (31%) 


14 (44%) 
3 (9%) 
14 (44%) 


1 .94 (0.82^.57) 


0.20 


8mg 


Responder 
Partial responder 
Non-responder 


24 (75%) 
0 

7 (22%) 


17 (53%) 
2 (6%) 
9 (28%) 


2.05 (0.84-5.02) 


0.19 


Abbreviation: CI = confidence interval. Physician assessment of response according to NCi grade of diarrhoea. Patients were classified as responders (no diarrhoea), partial responders 
(reduction in diarrhoea by one NCI grade) and non-responders (no change in diarrhoea). Response to treatment was assessed in the acute phase on day 1 of the treatment cycle. Data shown 
are for the ITT population. 
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Table 2b. Physician 


based assessment of re 


>ponse for complete treatment cycle (day 1 until end of cycle) 




Number of patients 


Dose 


Outcome 


AGI004 (n = 32) 


Placebo (n = 32) 


Estimated difference 
in response, odds 
ratio (90% CI) 


P- value 


Overall estimate 


Responder 






1.26 (0.54-2.93) 


0.65 


4mg 


Responder 
Partial responder 
Non-responder 


20 (63%) 

1 (3%) 
11 (34%) 


17 (53%) 
4 (13%) 
10 (31%) 


1.00 (0.42-2.38) 


1.00 


8mg 


Responder 
Partial responder 
Non-responder 


22 (69%) 
2 (6%) 
7 (22%) 


19 (59%) 
1 (3%) 
8 (25%) 


1.80 (0.73-4.43) 


0.28 


Abbreviation: CI — confidence interval. Physician assessment of response according to NCI grade of diarrhoea. Patients were classified as responders (no diarrhoea), partial responders 
(reduction In diarrhoea by one NCI grade) and non-responders (no change In diarrhoea). Response to treatment was assessed for the complete treatment cycle. Data shown are for the ITT 
population. 



Table 3. Response 


to treatment based on 


patient-reported information (using number of bowel movements per day recorded daily by patients) 


Number of patients 


Dose 


Outcome 


AGI004 (n = 32) 


Placebo (n = 32) 


Estimated difference 
in response, odds 
ratio (90% CI) 


P-value 


Overall estimate 


Responder 






6.38 (1 .65-24.64) 


0.05 


4mg 


Responder 
Non-responder 


30 (94%) 
2 (6%) 


26 (81%) 
6 (19%) 


3.40 (0.69-25.11) 


0.26 


8mg 


Responder 
Non-responder 
No visit 


32 (100%) 
0 
0 


26 (81%) 
3 (9%) 
3 (9%) 


9.51 (1 .72— Not determined) 


0.19 


Abbreviation: CI = confidence interval. Response was defined as having less than four bowel movements per day. Data shown are for the ITT population. 



Table 4. Loperamide usage during chemotherapy 







AGI004 


Placebo 


Dose 


NCI grade 


(n = 32) 


(n = 32) 


4mg 


Grade 1 


6 (24%) 


5 (23.8%) 




Grade 2 


5 (71.4%) 


1 0 (90.9%) 




Total ITT 


11 (34.4%) 


1 5 (46.9%) 


8mg 


Grade 1 


5 (20.0%) 


3 (14.3%) 




Grade 2 


3 (42.9%) 


7 (63.6%) 




Total ITT 


8 (25.0%) 


10 (31.3%) 



overall usage of loperamide was less in the AGI004 arm than in the 
placebo arm at both the 4- and 8-mg dose levels with a greater 
trend observed at the 8-mg dose level (Table 4), specifically in the 
acute phase (day 1 of chemotherapy) where the difference in 
loperamide usage between the treatment arm and placebo was 
significant (0% and 12.5% (« = 4), respectively, P=0.05). In the 
subset of patients with NCI grade 2 diarrhoea, the majority of 
patients used loperamide with the data suggesting a favourable 
response to AGI004 in comparison to placebo, again particularly at 
the 8-mg dose level, although any interpretation is limited by the 
small numbers of patients. Similarly, the percentage of days on 
chemotherapy where rescue medication was used was lower in the 
treatment arm than placebo, with a mean of 9.7% in the treatment 
arm and 13.6% in the placebo arm at the 4-mg dose level, and 5.6% 
and 8.8% at the 8-mg dose level for AGI004 and placebo, 



respectively. There was no other rescue medication used other than 
loperamide for the duration of the study. 

Associated symptoms. A number of associated symptoms were 
also evaluated using information from the patients' daily diaries. Of 
these, a potential effect of AGI004 on the severity of diarrhoea 
scores per day of chemotherapy was suggested with a median score 
of 0.14 and 0.10 per day of chemotherapy for the AGI004 group at 
the 4- and 8-mg dose level, respectively, in comparison to median 
scores of 0.33 and 0.21 at the same dose levels for placebo. This 
difference reached statistical significance at the 8-mg dose level 
(P = 0.03). 

Other associated GI symptoms of nausea, vomiting, constipa- 
tion and abdominal pain or cramps occurred in a limited number 
of patients in both arms of the study, although no significant 
differences in these associated symptoms were observed between 
the two groups. 



DISCUSSION 



Chemotherapy- induced diarrhoea remains a significant problem in 
delivering cytotoxic chermotherapy particularly with agents such 
as fluoropyrimidines, irinotecan and platinum derivatives. Even 
with aggressive loperamide treatment after onset of CID, there is 
still a risk of significant complications or dose delays or reductions 
following recovery. Hence, there remains a need for preventative 
measures, and although a number of strategies for CID prevention 
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have been previously reported, none has been adopted into routine 
clinical practice. Studies to date have generally been small and 
some have been further limited by not including an adequate or 
any control group (Michael et al, 2004; Rosenoff et al, 2006). 
Moreover, any potential agent for CID prevention must be well 
tolerated with a low risk of drug interactions. Therefore, even 
though a possible role of intestinal alkalisation for CID prevention 
has been suggested, its usefulness is potentially limited by the 
changes it causes in the pharmacokinetics and plasma levels of 
irinotecan (Hamada et al, 2005). A further limiting factor for some 
preventative agents, despite evidence that they may have a 
beneficial effect on the incidence or severity of CID, is difficulty 
in administration, such as need for parenteral administration 
(Rosenoff et al, 2006; Li et al, 2009), or patient acceptability, 
particularly in the setting of other treatment toxicities such as 
nausea or mucositis, which may limit patient compliance with 
additional oral medication, or potential drug interactions with 
other medication (Michael et al, 2004). 

AGI004 demonstrated effectiveness in reducing chemotherapy- 
associated diarrhoea, with results suggesting response across 
multiple measurements of diarrhoea. There were statistically 
significant response rates both overall (P=0.05) and at the 8-mg 
dose level (P = 0.02), compared with placebo, when using patient- 
reported response data (response defined as ^ 4 bowel movements 
on the first day of chemotherapy). The corresponding ORs 
estimated a six-fold and 10-fold likelihood of response, respec- 
tively, compared with placebo. A similar trend was observed when 
comparing physician-reported outcomes, with use of AGI004 
doubling the odds of response relative to placebo (OR =2.0, 90% 
CI: 0.9-4.5) on the first day of chemotherapy; however, this did not 
reach statistical significance. As this was an exploratory study, 
evaluation in larger patient numbers would be needed to confirm 
these treatment effects. Treatment was well tolerated with no drug- 
related adverse events, and patients' compliance with treatment 
was excellent. 

In this study, the effect of treatment was assessed using both 
patient- and physician-reported data, and interestingly a significant 
treatment effect was observed when using patient-reported data, 
with a similar but non-significant trend observed when using 
physician-reported data. Zachariah et al reported the use of patient- 
based assessments in conjunction with physician assessment based 
on NCI CTC grading in prevention of chemoradiation-induced 
diarrhoea however other studies of CID prevention have not 
reported using both methods of treatment evaluation as primary end 
points, with most reporting results based on physician assessment 
by NCI grade (Michael et al, 2004; Sergio et al, 2008; Li et al, 2009). 
In this study, information obtained from patients' diaries in which 
patients recorded the required study outcome measures on a daily 
basis was used as a primary outcome measure, which may be a more 
true record of chemotherapy toxicity given symptoms are recorded 
contemporaneously rather than after the treatment cycle is complete 
when toxicity may have resolved or for longer treatment cycles 
patients' recall may be less accurate. Interestingly, in the prospective 
randomised study of octreotide for prevention of chemoradiation- 
induced diarrhoea, Zachariah et al, 2010 also examined both 
physician-reported and patient-reported data for response assess- 
ment, specifically using three previously validated bowel function 
assessment tools, and found no significant differences in their 
comparison of these tools. A statistically significant correlation 
between these tools and the physician-reported grade of diarrhoea 
was also identified. Hence, using patient-reported data for treatment 
evaluation appears to be a valid approach regardless of the specific 
diary tool used; however, it is still relevant to include physician 
assessment as well to try and further validate the correlation between 
physician and patient assessment. 

This was an exploratory study to assess the efficacy of AGI004 
in controlling CID, and is limited by sample size. Clearly, given the 



response rates based on physician assessment of NCI grade of 
diarrhoea observed in this study, a larger sample size would have 
been required to show a significant difference between treatment 
and placebo. Moreover, the small sample size, in particular, the low 
numbers of patients with more severe diarrhoea (NCI grade 2) may 
have limited the effect of treatment observed in this study both 
overall and in this more severely affected population. Similarly, the 
potential treatment effect may also have been limited by the 
relatively small number of patients receiving irinotecan either as 
monotherapy or in combination with a fluoropyrimidine, a high 
risk group for development of CID and the target population of 
several previous studies of anti-diarrhoeal agents (Takeda et al, 
2001; Michael et al, 2004). 

Overall, however, the ease of use of transdermal AGI004, the 
lack of adverse events and the evidence of efficacy in reducing CID 
suggest that this may be a potential new approach for prevention of 
CID and further evaluation of this agent in the management of 
CID is warranted, particularly in higher risk groups such as 
patients with gastrointestinal malignancies receiving irinotecan/ 
fluoropyrimidine chemotherapy. 
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